We report on the X-ray spectral behavior of XTE J1550-564 during its 1998-99 outburst. XTE J1550-564 is an exceptionally bright X-ray nova and is also the third Galactic black hole candidate known to exhibit quasiperiodic X-ray oscillations above 50 Hz. Our study is based on 209 pointed observations using the PCA and HEXTE instruments onboard the Rossi X-ray Timing Explorer spanning 250 days and covering the entire double-peaked eruption that occurred from 1998 September until 1999 May. The spectra are fit to a model including multicolor blackbody disk and power-law components. The spectra from the first half of the outburst are dominated by the power-law component, whereas the spectra from the second half are dominated by the disk component. The source is observed in the very high and high/soft outburst states of black hole X-ray novae. During the very high state, when the power-law component dominated the spectrum, the inner disk radius is observed to vary by more than an order of magnitude; the radius decreased by a factor of 16 in one day during a 6.8 Crab flare. If the larger of these observed radii is taken to be the last stable orbit, then the smaller observed radius would imply that the inner edge of the disk is inside the event horizon! However, we conclude that the apparent variations of the inner disk radius observed during periods of increased power-law emission are probably caused by the failure of the
Introduction
The X-ray nova and black hole candidate XTE J1550-564 was discovered with the All Sky Monitor (ASM; Levine et al. 1996) onboard the Rossi X-ray Timing Explorer (RXTE) just after the outburst began on 1998 September 6 (Smith et al. 1998) . The source exhibited a flare on 1998 September 19-20 that reached 6.8 Crab (or 1.6 ×10 −7 erg s −1 cm −2 ) at 2-10 keV. The discovery of XTE J1550-564 prompted a series of almost daily pointed RXTE observations with the Proportional Counter Array (PCA; Jahoda et al. 1996) and the High-Energy X-ray Timing Experiment (HEXTE; Rothschild et al. 1998) instruments. The first 14 RXTE observations were part of a guest observer program with results reported by Cui et al. (1999) . They found that during the initial X-ray rise (0.7-2.4 Crab at 2-10 keV), the source exhibited very strong quasiperiodic X-ray oscillations (QPOs) in the range 0.08-8 Hz. The spectral and timing analysis of 60 additional RXTE observations, reported in Sobczak et al. (1999a) and Remillard et al. (1999a) , revealed the presence of canonical outburst states characteristic of black hole X-ray novae (see Tanaka & Lewin 1995) and X-ray QPOs at a few Hz and ∼ 200 Hz. XTE J1550-564 is one of only a few Galactic black hole candidate known to exhibit QPOs above 50 Hz Homan, Wijnands, & van der Klis 1999) ; the others are 4U 1630-47 (Remillard & Morgan 1999 ) and the microquasars GRS 1915+105 (Morgan, Remillard, & Greiner 1997) and GRO J1655-40 ).
The X-ray light curve of XTE J1550-564 from the ASM aboard RXTE is shown in Figure 1 . The outburst exhibits a 'double-peaked' profile, with the first half generally dominated by power-law emission, and the second half generally dominated by emission from the accretion disk (see §3). The double-peaked profile of the outburst is different from -3 -the outbursts of classical X-ray novae like A0620-00 (see Chen, Shrader, & Livio 1997) , but is similar to the outburst behavior of the microquasar GRO J1655-40 (Sobczak et al. 1999b ).
The optical (Orosz, Bailyn, & Jain 1998 ) and radio (Campbell-Wilson et al. 1998) counterparts of XTE J1550-564 were identified shortly after the source was discovered. The presence of an optical counterpart, with B ∼ 22 mag in quiescence (Jain et al. 1999) , is especially important since this will allow radial velocity studies of the companion star during quiescence that could confirm the black hole nature of the primary.
Herein we present spectral results for 209 X-ray observations spanning the entire 250 days of the 1998-99 outburst of XTE J1550-564. These observations include the rising phase observations with results first reported by Cui et al. (1999) , all of our RXTE guest observer program (P30191), and all of the public observations of this source (P30435 & P40401). The spectral analysis of PCA observations 15-75 (see Table 1 ) was first reported by Sobczak et al. (1999a) . A timing study based on those same RXTE observations is presented in Remillard et al. (1999a) and observations of the optical counterpart are presented in Jain et al. (1999) . Low frequency QPOs (0.08-18 Hz) were observed during 74 of the 209 observations reported in the present paper. The frequencies, amplitudes, and coherence factors (Q) of these QPOs can be found in Table 1 of Sobczak et al. (2000) .
Observations and Analysis
We present spectral results for 209 observations of XTE J1550-564 (see Fig. 1 ) obtained using the PCA and HEXTE instruments onboard RXTE. The PCA consists of five xenon-filled detector units (PCUs) with a total effective area of ∼ 6200 cm −2 at 5 keV. The PCA is sensitive in the range 2-60 keV, the energy resolution is ∼17% at 5 keV, and the time resolution capability is 1 µsec. The HEXTE consists of two clusters of 4 NaI/CsI phoswich scintillation detectors, each with an effective area of 800 cm 2 , covering the energy range 15 to 250 keV with an energy resolution of 9 keV at 60 keV. A journal of the PCA/HEXTE observations of XTE J1550-564 is given in Table 1 , including exposure times, count rates, etc.
The PCA and HEXTE pulse height spectra were not fit simultaneously because of uncertainty in the cross-calibration of the instruments. This uncertainty is apparent when fitting the spectrum of the Crab. Fitting the Crab spectrum (e.g. 1997 December 15 and 1999 March 24) to a power-law using either PCA or HEXTE data alone yields χ 2 ν ∼ 1 for -4 -each detector; however, fitting PCA and HEXTE data simultaneously, even while floating the relative normalization of the detectors, results in χ 2 ν ∼ 4. For this reason, we present separate fits to the PCA and HEXTE spectra.
PCA
The PCA data were taken in the "Standard 2" format, which consists of 129 channel spectra accumulated for each PCU every 16 s. The data span PCA gain epochs 3 & 4 (epoch 4, which covers observations 170-209, began when the PCA gain was lowered on 1999 March 22 at 16:30 UT). The epoch 3 response matrix for each PCU was obtained from the 1998 January distribution of response files, and the response matrix for epoch 4 was obtained from the RXTE GOF website and dated 1999 March 31. We tested the latest epoch 4 response matrices released with FTOOLS v5.0 and found that there are no significant changes in the fits. The pulse height spectrum from each PCU was fit over the energy range 2.5-20 keV for epoch 3, using a systematic error in the count rates of 1%. For epoch 4, the pulse height spectrum from each PCU was fit over the energy range 3-20 keV, using a systematic error in the count rates of 2%. The lower limit of the energy range was raised to 3 keV for epoch 4 because the sensitivity of the detectors at low energy decreased when the gain was lowered, and a systematic error of 2% was adopted in order to maintain χ 2 ν ∼ 1 for the Crab nebula. All of the spectra were corrected for background using the standard bright source background models appropriate for each epoch. We began using the epoch 4 faint source background model beginning on 1999 April 27, when the source count rate dropped below 40 c/s/PCU. Only PCUs 0 & 1 were used for the spectral fitting reported here and the spectra from both PCUs were fit simultaneously using XSPEC (Sobczak et al. 1999a,b) .
The PCA spectral data were fit to the widely used model consisting of a multicolor blackbody accretion disk plus power-law (Tanaka & Lewin 1995; Mitsuda et al. 1984; Makishima et al. 1986 ). The fits were significantly improved by including a smeared Fe absorption edge near 8 keV (Ebisawa et al. 1994; Inoue 1991 ) and a weak Fe emission line; the best-fit line had a central energy around 6.5 keV, a width held fixed at 1.2 keV (FWHM), and an equivalent width ∼ < 100 eV. Interstellar absorption was modeled using the Wisconsin cross-sections (Morrison & McCammon 1983) . All of the observations were first fit with a floating hydrogen column density (N H ), which was generally in the range 1.5-2.5 ×10 22 cm −2 (Jain et al. 1999 estimated N H = 0.9 × 10 22 cm −2 from optical reddening). The fits were insensitive to N H differences in this small range, and in the final analysis presented here, N H was fixed at 2.0 × 10 22 cm −2 . There are a total of eight free -5 -parameters: the apparent temperature (T in ) and radius (R in ) of the inner accretion disk, the power-law photon index (Γ) and normalization (K), the edge energy and optical depth (τ F e ) of the Fe absorption feature, and the central energy and normalization of the Fe emission line.
The addition of the Fe emission and absorption components is motivated in Figures 2a & 2b , which show the ratio of a typical spectrum to the best fit model without and with the Fe emission and absorption. The addition of the Fe emission and absorption components reduces the χ 2 ν from 7.9 to 0.9 in this example. The Fe line and edge energies also agree with the relation in Figure 17 of Nagase (1989) and indicate variations in the ionization state of Fe during the outburst.
The fitted temperature and radius of the inner accretion disk presented here (T in and R in ) are actually the color temperature and radius of the inner disk, which may be affected by spectral hardening due to electron scattering (Shakura & Sunyaev 1973; Shimura & Takahara 1995) . The physical interpretation of these parameters remains uncertain and is discussed below. The reader should also note that the inner disk radius is obtained from the normalization of the multicolor disk model, R in (cos i) 1/2 /(D/6 kpc), which is a function of the distance D and inclination i of the system. We use i = 0 and D = 6 kpc for XTE J1550-564, but the actual distance and inclination are unknown. Six representative spectra are shown in Figures 3a-3f . The model parameters and component fluxes (see Tables 2 & 3) are plotted in Figures 4a-4f. All uncertainties are given at the 1σ confidence level. Unless otherwise noted, the spectral parameters discussed in this paper are those derived using the PCA as opposed to the HEXTE spectra.
HEXTE
The standard HEXTE reduction software was used for the extraction of the HEXTE archive mode data. The HEXTE modules were alternatingly pointed every 32 s at source and background positions, allowing background subtraction with high sensitivity to time variations in the particle flux at different positions in the spacecraft orbit. Clusters A and B were fit simultaneously and the normalization of each cluster was allowed to float independently, since there is a small systematic difference between the normalizations of the two clusters. We used the HEXTE response matrices released 1997 March 20. Only the data above 20 keV was used because of uncertainty in the response at lower energies.
The source was not detected in the HEXTE during all observations. For those observations in which the source was detected, the HEXTE spectra were fit to a power-law -6 -model from 20 keV to the maximum energy at which the source was detected, which ranged from 50 to 200 keV. In a number of cases we found that the HEXTE spectra could not be adequately fit using a pure power-law model in the observed energy range (Fig. 5a-5d ). In these instances, we used a power-law with a high energy cutoff of the form (cf. Grove et al. 1998) :
The addition of the high energy cutoff improved the value of χ 2 ν from 4.9 to 0.7 for the observation on 1998 Sept. 7 (Fig. 5 ) and gave similarly dramatic improvements for many other observations. A three parameter cutoff model (the equivalent of E cut = 0) can also fit the data in some cases. Similarly, the 'comptt' model in XSPEC v.10 (Titarchuk 1994) can be used to fit most of these data, but it tends to cutoff more rapidly than the data at high energy. These data can also be adequately fit by a model including a pure power-law component plus a broad gaussian or reflection component. The presence of a reflection component is possible, given the inclusion of Fe absorption when fitting the PCA spectra (see above). If a reflection component is present, the fit parameters indicate that it would contribute as much as half of the 2-20 keV or 2-100 keV flux for the 1998 Sept. 7 observation. Observations at higher energies are necessary to determine whether the high energy cutoff seen in the 20-200 keV range is due to a physical cutoff in the power-law component or an underlying reflection feature.
The HEXTE model parameters are given in Table 4 . The parameters of the high energy cutoff are given only for those cases where the addition of the cutoff improved the value of χ 2 ν by more than 30%. The value of χ 2 ν for the pure power-law model is also given for comparison in these cases. Upper limits for the 20-100 keV HEXTE flux were determined by assuming a fixed power-law photon index of 2.5. The reader should also note that the normalization of the HEXTE instrument is systematically ∼ 20-30% lower than the PCA; we have not adjusted our spectral fits of the HEXTE data to correct for this discrepancy.
Spectral Results
Six representative spectra are shown in Figures 3a-3f . These spectra illustrate the range of X-ray spectra for XTE J1550-564, in which (a) a strong power-law with high energy cutoff dominates a warm disk (rising phase), (b) an intense power-law component dominates a hot disk (very high state flare), (c,d ) the disk dominates a weak power-law -7 -(high/soft state), (e) a strong power-law dominates a warm disk, and (f) a weak power-law dominates a cool disk.
As discussed in the introduction, the outburst of XTE J1550-564 can be divided into two halves, which we now discuss in turn. We define the first half as extending from the start of the outburst on MJD 51062 (1998 September 6) to approximately MJD 51150 (1998 December 3). During the initial rise (MJD 51063-51072), the spectra are dominated by the power-law component with a photon index that gradually steepens from Γ = 1.5 to 2.5 (Fig. 4c, Table 2 ), and the source displays strong 0.08-8 Hz QPOs (Cui et al. 1999) . A high energy cutoff is observed in the HEXTE spectrum during the initial rise with E f old ∼ 70-150 (Fig. 3a, Table 4 ). Following the initial rise, the spectra from MJD 51074 to 51115 remain dominated by the power-law component (Fig. 3b ) which has photon index Γ ∼ 2.4-2.9 (Fig. 4c) . The source displays strong 3-13 Hz QPOs during this time, whenever the power-law contributes more than 60% of the observed X-ray flux Sobczak et al. 1999a ). This behavior is consistent with the very high state of Black Hole X-ray Novae (BHXN) (see Tanaka & Lewin (1995) and references therein for details on the spectral states of BHXN). A high energy cutoff in the power-law tail is observed during a number of very high state observations (Table 4) . The peak luminosity (bolometric disk luminosity plus 2-100 keV power-law luminosity) during the flare on MJD 51075 is L = 1.2 × 10 39 (D/6kpc) 2 erg s −1 , which corresponds to the Eddington luminosity for M = 9.6M ⊙ at 6 kpc ).
After MJD 51115 (1998 October 29), the source fades rapidly, the power-law component decays and hardens (Γ = 2.0 − 2.4), and the disk component begins to dominate the spectrum (see Fig. 3c ). The source generally shows little temporal variability during this time Sobczak et al. 1999a) . We identify this behavior with the high/soft state. However, during this time the source occasionally exhibits QPOs at ∼ 5 Hz and power density spectra that have properties intermediate between the very high and high/soft states or the high/soft and low/hard states . The low/hard state was not observed and the intensity increased dramatically after MJD 51150, marking the start of the second half of the outburst.
During the second half of the outburst (MJD 51150-51230), most of the observed spectra are dominated by the disk component (Fig. 3d) , which contributes > 85% of the 2-20 keV flux (Fig. 4e) , and no QPOs are observed. Figure 4c shows that Γ increased sharply at the onset of the second half of the outburst from Γ ∼ 2 to 4. These features are typical of the high/soft state of BHXN. This dichotomy between the power-law-dominated first half and disk-dominated second half of the outburst is shared by GRO J1655-40, and cannot be easily explained by the standard disk instability model.
-8 -Also during the second half of the outburst, there are a few instances lasting two or three days when the power-law hardens from Γ ∼ 4 to 2.5 (Fig. 4c) . During one of these instances (MJD 51201), the power-law flux increases by almost a factor of two and the source is also detected in the HEXTE (see Table 4 ). After MJD 51230 (1999 February 21) , the power-law hardens considerably (Fig. 4c) and there is an intense power-law flare, which begins on MJD 51241 (1999 March 4; see Fig. 4d ), accompanied by a sharp decline in the disk flux (Fig.4e) . QPOs from 5-18 Hz also reappear during this power-law flare. A sample spectrum from this flare is shown in Figure 3e . A high energy cutoff in the power-law component is marginally detected in two HEXTE observations during the second half of the outburst (Table 4 ). The total flux decreases steadily as the power-law flare fades after MJD 51260 (1999 March 23; see Fig. 4f ). The spectrum of one of the last few observations resembles the low/hard state and is shown in Figure 3f .
A comparison of the 2-12 keV (soft) PCA flux and the 20-100 keV (hard) HEXTE flux is shown in Figure 6 . During the first few observations, the hard flux exceeds or is approximately equal to the soft flux. Following the initial rise, during the very high state in the first half of the outburst, the soft flux exceeds the hard flux by almost an order of magnitude. During the high/soft state in the second half of the outburst, the source is usually undetectable in the HEXTE, and the upper limits on the hard flux show that the soft flux exceeds the hard flux by more than 2.5 orders of magnitude. This strong dominance of the soft flux over the hard flux is characteristic of the high/soft state. The hard flux increases again during the power-law flare and subsequent decline that mark the end of the outburst. Similar variations in the relative strength of the soft and hard flux between outburst states were also observed for the BHXN Nova Muscae 1991 (Esin, McClintock, & Narayan 1997) and are a good means of differentiating the very high and high/soft states.
From Figure 4b , it appears that the inner radius of the disk does not appear to be constant throughout the outburst cycle. From Figure 4b and Table 2 , we see that the intense 6.8 Crab flare on MJD 51075 (1999 September 19) is accompanied by a dramatic decrease of the inner disk radius from 33 to 2 km over one day. Similar behavior was observed for GRO J1655-40 during its 1996-97 outburst: The observed inner disk radius decreased by almost a factor of four during periods of increased power-law emission in the very high state, and it was generally larger in the high/soft state (Sobczak et al. 1999b ). Below we discuss both the problems and possible interpretations that are relevant to our spectral results, focussing on the observed variation of the inner disk radius. The physical radius of the inner disk may vary in XTE J1550-564 and GRO J1655-40 -by as much as a factor of 16 in one day in the case of XTE J1550-564. Another possibility, however, is that the apparent decrease of the inner disk radius observed during intense flares is caused by the failure of the multicolor disk/power-law model at these times. This failure may be caused by one or both of the following effects: (1) Variations in spectral hardening, which occurs because electron scattering as opposed to free-free absorption dominates the opacity in the inner disk (Shakura & Sunyaev 1973) . This causes the observed (color) temperature of the disk to appear higher than the effective temperature, which decreases the normalization of the multicolor disk model from which the radius is inferred (Ebisawa et al. 1994; Shimura & Takahara 1995) . The spectral hardening correction is likely not to be constant in extreme situations, such as the 6.8 Crab flare, and any increase in spectral hardening will appear as a decrease in the observed inner disk radius. (2) The Compton upscattering of soft disk photons, which is likely the origin of the power-law component in BHXN. In this case, an increase in power-law emission naturally implies an increase in the Comptonization of soft disk photons. Therefore, the measured normalization of the multicolor disk (from which the radius is derived) represents only a fraction of the intrinsic X-ray emission from the disk because the photons that are upscattered to produce the power-law component are missing. This causes the inferred radius to decrease , although a corresponding increase in the mass accretion rate is necessary to explain the associated increase in the apparent disk temperature. Thus, intense flares may cause an apparent decrease in the radius of the inner disk due to increased spectral hardening and/or Compton upscattering of soft disk photons, while the actual physical radius may remain fairly constant.
The above interpretation is bolstered by the constancy of the inner disk radius of XTE J1550-564 when the power-law is weak: The observed inner disk radius remains approximately constant at ∼ 40 km (assuming i = 0
• , D = 6 kpc) over 120 days from MJD 51120-51240 when the power-law contributes less than 20% of the 2-20 keV flux, even though the disk flux and total flux vary by an order of magnitude. The observed inner disk radius in GRO J1655-40 also remains approximately constant over more than 150 days during the high state, when the power-law contributes less than 10% of the flux (Sobczak et al. 1999b) . Similar behavior has been observed for several other BHXN and Galactic black hole candidates, where the observed stable inner disk radius was plausibly identified with the last stable orbit (Tanaka & Lewin 1995) . If we hypothesize that the stable value of the radius for XTE J1550-564 is a reasonable measure of the radius of the last stable orbit -10 -(6 r g where r g = GM/c 2 ), then a drop by a factor of 20 (observed between the peak flare and the high/soft state) would imply a decrease from 6 r g to 0.3 r g , which is well within the event horizon of the black hole. This result is independent of the assumed distance and inclination. We thus conclude that the small inner disk radius observed during the 6.8 Crab flare is unphysical and that the inner disk radius during the most intense power-law activity cannot be reliably determined from the multicolor disk model. This interpretation is supported by the work of Merloni, Fabian, & Ross (1999) who used a self-consistent model for radiative transfer and vertical temperature structure in a Shakura-Sunyaev disk and found that (1) the multicolor disk model systematically underestimates the inner disk radius when most of the gravitational energy is dissipated in the corona and (2) the multicolor disk model gives stable, acceptable results for high accretion rates ( ∼ > 10% of the Eddington accretion rate) and/or when a lower fraction of the gravitational energy is dissipated in the corona.
In contrast to the apparent decrease of the inner disk radius observed during the 6.8 Crab flare, the radius appears to increase at times near the beginning and end of the outburst cycle (Fig. 4b) . It is not clear whether these observed increases of the inner disk radius are physical or not; in the following we discuss two possible causes.
The Advection-Dominated Accretion Flow (ADAF) model predicts changes in the inner disk radius during the initial rise and the final decline of the outburst. According to the ADAF model, the inner edge of the disk should move inward (from hundreds of gravitational radii) to the last stable orbit during the initial rise, and it should move outward again at the end of the outburst during the transition from the high/soft state to the low/hard state (Esin, McClintock, & Narayan 1997) . However, the ADAF model predicts that the radius should move inward on a viscous timescale of several days (Hameury et al. 1998) during the initial rise; instead, about 30 days elapsed between the initial rise and the time when the observed inner disk radius reached an approximately constant value (Fig. 4b) . On the other hand, the observed increase of the inner disk radius near the end of the outburst from MJD 51279-51293 is in better agreement with the predictions of the ADAF model. The critical mass accretion rate at which the soft-to-hard transition takes place in the ADAF model is approximatelyṁ crit ∼ 1.3α 2 (in Eddington units), where α is the standard viscosity coefficient (Esin et al. 1997 ). The ADAF model predicts that the inner edge of the disk should begin to move outward from the last stable orbit whenṁ ∼ <ṁ crit . We can estimate the mass accretion rate (ṁ) of XTE J1550-564 in Eddington units by assuming that the 6.8 Crab flare corresponds to the Eddington accretion rate and scaling the inferred accretion rate by the total observed flux. The ratio of the total observed flux on MJD 51279, when the observed radius begins to increase, to the total flux during the 6.8 Crab flare corresponds to a mass accretion rateṁ ∼ 0.02 (Table 3 ). The mass accretion -11 -rate at this time corresponds to the critical accretion rate for α = 0.12, which is smaller than the value α = 0.25 used by Esin et al. (1997) to model the outburst of Nova Muscae 1991, but is still in reasonable agreement with the predictions of the ADAF model.
It is also possible that the observed increase of the inner disk radius at early times is not physical, but rather due to the flattening of the radial temperature profile from the T ∼ r 3/4 assumed in the multicolor disk model. This effect would cause the radius inferred from the multicolor disk model to increase. The flattening of the radial temperature profile in the disk could be caused by irradiation of the disk during the initial rise and following the intense 6.8 Crab flare.
Black Hole Mass
We can estimate the mass of the black hole in XTE J1550-564 by equating the observed inner disk radius with the last stable orbit predicted by general relativity. Merloni et al. (1999) find that the multicolor disk model, with appropriate corrections for spectral hardening and relativistic effects, gives stable, acceptable results for high accretion rates ( ∼ > 10% of the Eddington accretion rate) and/or when a lower fraction of the gravitational energy is dissipated in the corona. In this case, the actual inner disk radius (R in ) can be determined from the stable observed (color) radius (r in ) during the high/soft state according to the formula:
where η is the ratio of the inner disk radius to the radius at which the disk emissivity peaks, g(i) is the correction for relativistic effects as a function of inclination, f is the correction for constant spectral hardening (f = 1.7; Shimura & Takahara 1995) , and r in = 40 km (D/6 kpc)(cos i) −1/2 for XTE J1550-564 (see above). Both η and g(i) are functions of black hole angular momentum. Assuming a Schwarzschild black hole with 0
• , for which η = 0.63 and g(i) ∼ 0.9 (Zhang, Cui, & Chen 1997; ), eq. (2) becomes R in = 66 km (D/6 kpc)(cos i) −1/2 . Equating R in with the last stable orbit for a Schwarzschild black hole (6GM/c 2 ), we find:
For example, for i = 60
• and D = 6 kpc, M BH = 10 M ⊙ .
-12 -
Conclusion
We have analyzed RXTE data acquired during observations of the X-ray nova XTE J1550-564. Satisfactory fits to all the PCA data were obtained with a model consisting of a multicolor disk, a power-law, and Fe emission and absorption components. XTE J1550-564 is observed in the very high and high/soft canonical outburst states of BHXN. We distinguished these two states based on the relative flux contribution of the disk and power-law spectral components, the value of the power-law photon index, the presence or absence of QPOs, and the relative strength of the 2-12 keV and 20-100 keV fluxes.
The source exhibited an intense (6.8 Crab) flare on MJD 51075, during which the inner disk radius appears to have decreased dramatically from 33 to 2 km (for i = 0 and D = 6 kpc). However, the apparent decrease of the inner disk radius observed during periods of increased power-law emission may be caused by the failure of the multicolor disk model; the actual physical radius of the inner disk may remain fairly constant. This interpretation is supported by the fact that the observed inner disk radius remains approximately constant over 120 days from MJD 51120-51240, when the power-law is weak, even though the disk flux and total flux vary by an order of magnitude. The mass of the black hole inferred by equating the approximately constant inner disk radius observed in the high/soft state with the last stable orbit for a Schwarzschild black hole (see
The outburst of XTE J1550-564 has many features in common with the most recent outburst of the microquasar GRO J1655-40 (Sobczak et al.1999b) . During the first half of their outbursts, the X-ray spectra of both sources are dominated by the power-law component and both the observed inner disk radius and flux exhibit extreme variability. Following their initial outbursts, the flux from both sources declined, only to be followed by a second outburst. During the second half of their outbursts, the X-ray spectra of both sources are primarily disk-dominated with an approximately constant inner disk radius and slowly varying intensity. Neither of these sources can be described as a 'canonical' BHXN.
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